External Magnetic Field-Enhanced Chemo-Photothermal Combination Tumor Therapy via Iron Oxide Nanoparticles.
The development of multifunctional nanoplatforms based on magnetic nanoparticles (MNPs) has attracted increasing attention. MNPs especially exhibit excellent responsiveness under the guidance of an external magnetic field (MF), resulting in tumor-specific, targeted delivery. The behavior and magnetic-targeting efficiency of MNPs largely depend on their physiochemical properties, especially the particle size; however, the optimal size range may vary across the multiple bioapplications associated with multifunctional nanoparticles. The optimal size range of nanoparticles for external MF-mediated targeted delivery has rarely been reported. In this work, we synthesized a series of monodisperse Fe3O4 nanoparticles with identical surface properties ranging in size from 10 to 310 nm, and we systematically investigated their behavior and MF-assisted antitumor efficacy. Our data indicated that smaller Fe3O4 nanoparticles exhibited greater cellular internalization, while larger Fe3O4 nanoparticles showed greater tumor accumulation. Larger Fe3O4 nanoparticles exhibited stronger magnetic responsiveness both in vitro and in vivo, which could be used to further induce increased accumulation of nanoparticles and their payload (e.g., doxorubicin) into the tumor site under the guidance of an external MF. Our work demonstrated that larger Fe3O4 nanoparticles, with a diameter of up to 310 nm, exhibited the best magnetic-targeting efficiency mediated by an external MF and the strongest antitumor efficacy from combination photothermal-chemotherapy. Our results could serve as a valuable reference for the future design of MNPs and their targeted delivery via the modulation of an external MF.